• Linear process: the total power of the inelastically scattered beam scales linearly with the intensity of the incoming intensity beam
Inelastic scattering process 7
Raman/SERS Spectrum
• In SERS, the wavelength of the scattered light is shifted.
• It is due to the nature of Raman scattering (inelastic scattering)
• Raman shift Nie, et al, Science vol. 275, 1102 , 1997 Raman scattering particles
• One Ag nanoparticle carries a rhodamine 6G (R6G) molecule.
• The particles are immobilized on a polylysine -coated surface.
• The particles are excited by evanescent-wave excitation.
Two mechanisms dominates in the SERS phenomenon -Classical electromagnetic effect (main [2, 3] ) -Chemical effects (a factor of 3) 10 Nanoparticle
• E-field induces oscillating surface plasmon multipoles of various orders.
Step 1 Step 2: E s excites the absorbed molecules to produce Raman-scattered fields,
Raman polarizability of the molecule
Step 3: Raman-scattered fields, E R are enhanced. • TM waves excite SPs.
• It is a longitudinal oscillation, with frequency, ω. To obtain the relation:
Region 1 (metal) 16 
Surface Plasmons on Smooth Surfaces
The charge fluctuation is localized in z-direction. • At R << λ i , the dipolar mode dominates. • Obtain resonance by minimizing the denominator, • It has two fundamental dipolar modes • They can be thought to arise via the hybridization of the dipolar modes of -Metallic spheres -A dielectric void in the metallic substrate
• Applying the hybridization, the particle plasmon is described as an incompressible deformation of the conduction electron gas of the metallic nanostructure • High E-field enhancement [1, 2] • It is used to interpret high E-field enhancement in single molecule SERS 
